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THE  E CONOMI  CS  OF  SHI  PYARD  PAI  NTI  NG 


(PHASE  I ) 

EXECUTIVE  SUMMARY 


The  shipbuilding  industry  has  a  complex  environment.  History  has 
proven  that  the. a  mount  of  labor  involved  in  constructing  a  ship  can  be 
difficult  to  predict.  S o me  say  that  the  mass  production  operation  found  in 
high  volume  manufacturing  has  little  in  common  with  the  job  shop  found  in 
shipbuilding,  and  that  traditional  Industrial  Engineering  techniques  are 
therefore  unsuitable  for  treating  problems  in  shipyards.  The  basic 
question  is  whether  an  end  product  cost  associated  with  a  complex  component 
in  a  ship  can  actually  be  predicted. 

Studies  at  several  U.  S.  shipyards  under  the  National  Shipbuilding 
Research  Program  suggest  that  it  is,  indeed,  possible  to  produce  effective 
estimates  of  work  content,  worker  performance,  and  cost  in  the  shipyard 
environment,  and  to  use  this  information  toward  control  of  actual  costs. 
Pipe  Fabrication,  Sheet.  Metal,  and  Electrical  shops  have  been  the  target  of 
these  studies,  and  have  shown  successful  results.  There  remains  one  area 
that  has  continued  to  defy  estimating,  however,  and  that  area  is  Painting. 
The  painting  operation  is  somewhat  unique  among  shipyard  trades  in  that  the 
end  product  of  the  Paint  Department  is  extremely  susceptible  to  damage  by 
other  trades.  The  resulting  rework  costs  are  generally  quite  high.  Rework 
costs  are  usually  folded  into  the  total  painting  cost,  without  separate 
identity.  The  high  total  painting  cost,  therefore,  may  suggest  that  the 
basic  painting  took  more  hours  than  were  originally  scheduled,  whereas  the 
true  reason  for  the  high  cost  was  rework  caused  by  other  trades.  Separate 
identity  and  tracking  of  the  cost  drivers  in  the  painting  area  are  essential 
to  resolving  the  p  r  o  b  I  e  ms  that  are  truly  responsible  for  high  painting  cost. 

There  is  an  added  incentive  for  increasing  the  productivity  of  the 
painting  operation  with  respect  to  rework,  and  this  is  associated  with  the 
critical  role  of  the  paint  Department  in  the  zone  outfitting  concept.  In 
fact,  of  all  the  shipyard  trades,  the  Paint  Department  assumes  the  most 
important  role  as  an  identifier  of  zone  outfitting  problems,  Which  manifest 
themselves  as  painting  rework  and  touchup  late  in  the  construction  cycle. 

With  the  above  as  background  information,  the  objectives  of  this 
Project  can  be  stated  simply,  as  follows: 

Phase  I  -  Identify  the  individual  painting  operations,  and  their 
associated  costs,  that  together  ma k e  up  the  total  painting  cost. 

Phase  II  -  Produce  statistically-based  estimating  factors  for 
painting,  using  the  data  from  Phase  I,  and  use  these  factors  to  predict 
painting  costs, 

Phase  III  -  Establish  a  system  for  recognizing  painting  cost 
variances  from  the  e s t  i  ma t  e d  values,  so  that  shop  ma n a g e me n t  can  control  the 
painting  operations. 


This  phase  of  the  project  has  closely  paralleled  the  construction  of  four 
255  foot  Auxiliary  Rescue  Salvage  (ARS)  ships  for  the  U.  S.  Navy.  Due  to 
relatively  tight  construction  schedules,  ARS- 50  (which  was  the  prototype  for 
this  class)  was  not  extensively  pr e- out f  i  1 1 ed.  These  conditions  allowed  for 
the  collection  of  detailed  labor  cost  data  for  painting  on  ARS-  50  for  use  in 
conjunction  with  corresponding  data  on  the  three  following  hulls.  Through 
analysis  of  these  sets  of  data,  it  was  determined  that  painting  related  cost 
savings  of  approximately  $240,000  per  hull  could  be  directly  related  to  the 
effective  use  of  zone  outfitting  techniques.  These  data  were  also  used  in  a 
computerized  model  designed  to  determine  the  cost  impact  of  not  installing 
certain  types  of  i  t  e  ms  prior  to  painting. 

These  data  also  reveal  that  when  searching  for  cost  savings  in  the 
paint  area,  the  collateral  activities  like  cleaning,  taping,  etc.  should  not 
be  overlooked.  The  Phase  I  data  show  that  only  about  1 0 %  to  2 0 %  of  the  total 
painting  manhours  consist  of  actually  laying  paint;  the  bulk  of  the  manhours 
are  spent  on  other  operations,  related  to  the  process  of  laying  paint  but 
separately  identifiable  and  worthy  of  individual  treatment. 

.  The  key  to  success  in  this  Project  is  a  system  for-separate  and 
deliberate  collection  of  labor  expenditure  data  for  each  of  the  several 
segments  of  the  painting  operation.  Painting  costs  must  be  collected  and 
monitored  at  this  detailed  level  in  order  to  provide  a  database  for  future 
improvements,  Labor  expenditure  collection  at  the  Job  Cost  level  is  simply 
not  adequate  for  this  purpose.  Such  a  detailed  labor  reporting  system  has 
been  established  during  Phase  I,  and  is  providing  reliable  data  at  this 
detailed  level.  Phase  II  will  use  these  data  to  derive  st at i  st i  cal  I  y- based 
estimating  factors  for  the  various  operations  involved  in  the  painting 
area,  Phase  III  will  establish  a  system,  based  on  these  estimating 
factors,  for  early  recognition  of  cost  variances,  a  system  designed  for 
daily  use  by  shop  ma n a g e me n t .  By  the  end  of  Phase  III,  the  goal  of  a  total 
cost  control  system  for  the  painting  area  will  have  been  realized. 
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(PHASE  I 


1.0  INTRODUCTION 

During  the  past  decade,  substantial  changes  have  occurred  in  the  world 
shipbuilding  market  that  have  forced  shipyards  to  pay  closer  attention  to 
cost  saving  measures.  Remedial  efforts  have  been  directed  at  the 
traditionally  larger  departments  in  the  shipyard  -  piping,  electrical,  and 
hull  -  in  search  for  improvements.  Unfortunately,  the  surface  preparation 
and  coating  depart  me  n  t  s  are  often  thought  of  as  making  purely  cos  me  tic 
contributions  to  the  ship,  and  have  therefore  been  left  out  of  the  cost 
saving  picture.  This  type  of  thinking  is  changing,  however,  due  to  the 
influx  of  zone  outfitting  technology  as  an  accepted  and  highly  economical 
method  of  ship  construction.  The  advantages  of  zone  outfitting,  accompanied 
with  the.  need  for  more  competitive  estimating,  have  created  a  tremendous 
need  to  establish  an  accurate  database  of  painting  costs  that  can  support 
detailed  analyses  in  these  areas. 

This  report  deals  with  the  identification  and  collection  of  surface 
preparation  and  coating  costs  with  respect  to  four  steel-hull  Auxiliary 
Rescue  Salvage  (ARS)  ships  being  built  by  Peterson  Builders,  Inc.  Although 
the  report  deals"  almost  exclusively  with  ARS  class  ships,  the  cost 
identification  techniques  employed  have  been  designed  so. that  they  can  be 
applied  to  nearly  any  shipbuilding  contract. 

The  initial  goal  of  this  Project  was  to  identify  the  costs  of  painting, 
both  direct  and  indirect.  Although  the  original  Project  called  for 
identifying  only  the  costs  of  painting,  it  b  e  c  a  me  readily  apparent  that  the 
identified  costs,  properly  collected,  could  be  used  for  several  useful 
purposes,  such  as  bid  stage  estimating,  depart  me  n  t  a  I  planning,  etc.  The 
Project  was  therefore  expanded  to  put  in  place  a  data  collection  scheme  in 
the  painting  area  that  would  support  a  second  year  effort  to  develop  bid 
stage  e  s  t  i  ma  t  i  n  g ,  and  a  third  year  effort  to  establish  a  system  for  earlier 
recognition  of  cost  variances.  A  portion  of  this  report  is  therefore 
devoted  to  an  explanation  of  the  data  collection  system  that  has  been 
established  for  use  during  Phases  II  and  III  of  this  project.  - 

2.0  SHIPYARD  CONDITIONS  DURING  PHASE  I  (  1  9  8  5) 

2.  1  ACTI  VE  CONTRACTS  AT  PBI 


Four  -  Auxiliary  Rescue  Salvage  (ARS)  ships  -  255'  -  Steel 
Three  -  Mine  Countermeasure  (  MCM)  ships  -  2  2  4 1  -  Wood 
Seven  -  Yard  Patrol  (  Y  P )  boats  -  1 0  8 1  -  Wo  o  d  /  A I  u  m 


2.1.1  The  ARS  Ships  will  support  the  state-of-the-art  MK  12  Surface 
Supported  Diving  System  (SSDS)  and  the  MK  1  USN  Divers  Mask  to  a  depth  of 
190'.  Each  ship  will  also  carry  a  r  e  c  o  mp  r  e  s  s  i  o  n  chamber  for  treatment  of 
d  i  v  i  n  g  r  e  I  at  ed  accidents.  The  lead  ship,  ARS  50,  is  pictured  in  Figure 
I  2.1.  IT  he  characteristics  and  features  of  the  ARS- 50  are  listed  in  Figure 
Phase  I  of  this  Project  has  concentrated  on  the  painting  operations 
t  h  these  ships. 


2.  1 

2.  2. 

q  5  5  o*c  i  a  t  e  d 
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FIGURE  2-1:  USS  SAFEGUARD  (ARS-50) 
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FIGURE  2-2:  ARS-50  CHARACTERISTICS  AND  FEATURES 


2.1.2  The  MCM  ships  will  play  a  significant  role  during  the  second 
year  of  this  Project  (Phase  II)  in  illustrating  that  the  cost  identification 
techniques  developed  during  Phase  I  are  not  c o nt  r a c t  -  s pec  i  f i  c .  The 
assumptions  made  and  procedures  used  for  cost  identification  have  been 
deliberately  established  so  that  they  are  not  specific  to  any  one  contract 
or  type  of  ship, 

2.1.3  The  YP  boats  are  not  involved  in  this  Project,  but  are  included 
here  to  provide  some  understanding  of  the  total  PBI  contract  workload  during 
Phase  I . 

2.2  SHIPYARD  BLAST/PAINT  FACILITIES  AND  EQUIPMENT 

2.2.1  PBI  has  one  building  containing  both  blasting  and  painting 
operations,  The  building  is  large  enough  to  allow  an  assembly  to  be  blasted 
and  pai  nt  ed  i  nsi  de, 

2.2.2-  The  shop  blasting  operation  ma  k e s  use  of  a  blast  me d i  a  r  e c  I  a  i  me r 
with  a  water  injection  cooling  system  to  provide  maximum  use  of  the  recycled 
blast  medium.  Two  800  pound  units  are  used  to  perform  the.  actual  shop 
blasting  operation.  Blasting  at  the  erection  site  is  performed  by  portable 
600  pound  units  using  boiler  slag  as  the  abrasive. 

2.2.3  The  shop  painting  operation  makes  use-of  six  waterfalls  and 
three  gas  fired  makeup  units.  The  shop  is  also  equipped  with  a  bake  oven 
with  a  conveyor  cart  system  capable  of  expediting  drying  time  of  each  coat 
of  paint.  To  aid  in  mixing  the  paints  most  often  used  at  PBI,  a  plural 
component  system  is  used  with  a  5  0:5  0  setup  for  plural  component  paints. 
Finally,  a  solvent  reclaimer  is  used  to  reduce  solvent  cost.  Most  of  the 
spraying  in  the  shop  and  onboard  ship  is  accomplished  by  airless  and 
air-assisted  airless  sprayers  with  the  exception  of  conventional  equipment 
used  for  light  viscosity  paints. 

2.  3  GENERAL  PAI  NTI  NG  PROCEDURE 

2.3.1  Plate  is  received  into  the  shipyard  with  a  thin  coat  of  shop 
primer,  Once  the  plate  takes  the  form  of  an  assembly  or  panel,  it  is 
sweepblasted  and  sprayed  with  the  first  coat  of  the  specified  system,  The 
entire  exterior  system  is  then  applied  if  little  or  no  hot  work  remains, 
otherwise  only  the  first  primer  coat  is  applied  with  the  remainder  of  the 
system  applied  at  the  erection  site.  In  the  case  of  interior  spaces,  the 
assembly  is  moved  to  the  erection  site  where  the  interior  spaces  receive 
their  first  finish  coat  as  soon  as  the  insulation  (if  installed)  is  in 
place.  The  assembly  is  then  outfitted  by  the  other  trades.  When  completed, 
the  final  finish  coat  is  applied.  If  necessary,  repair  work  is  performed  on 
the  coatings  between  the  first  and  final  finish  coats. 

2.  4  PAI  NT  DEPARTMENT  LABOR  CATEGORI  ES 

2.4.1  The  PBI  Paint  Department  is  broken  down  into  two  major 
categories,  painters  and  cleaners.  In  general  the  painters  are  responsible 
for  blasting,  painting,  taping,  untaping,  and.  touchup;  the  cleaners  are 
responsible  for  grinding  rough  edges  (pr-ior  to  sweepblasting  operations), 
cleaning  prior  to  spraying  operations,  and  for  general  cleaning  in 
preparat  ion  for  ship  trials, 
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2.5  SPECIFIC  PAINTING  CONDITIONS  ON  ARS  SHIPS 


general  the  compartments  on  the  ARS 
Few  compartments  span  the  width  of 
Figure  2-3  |s  h  o  ws  compartment  surface  areas  broken  down  by 


2.5.1  Compart  men  t  Comp  I  exi  t  y, 
ships  are  smal  I  and  densely  outfitted 
the.  ship, 


compartment  type, 


2.5.2  Coating  System.  Virtually  all  steel  on  the  ARS  was  coated  with 
Pro- Line  Paint  Company  preconstruction  primer  #4  0  3  2  except  for  some  key 
areas  where  inorganic  zinc  was  used.  This  was  generally  followed  in  all 
areas  by  two  coats  of  Pro-Line  5  0  0  0  series  polyamide  epoxy.  Exceptions  to 
this  procedure  were  minor,  such  as  behind  insulation,  areas  under  floor 

coverings,  etc.  Top  coats  were  generally  as  specified  by  the  Navy,  for 

example:  on  the  underwater  hull  two  coats  of  vinyl  antifouling  paint  were 

used;  the  boot  top  area  and  external  vertical  surfaces  were  overcoated  with 

silicon  alkyd;  and  the  interior  spaces  were  overcoated  with  Navy  specified 
top  coats,  the  predominant  requirement  being  two  coats  of  chlorinated  alkyd 
with  respect  to  bulkheads  and  overheads,  and  enamels  for  decks.  Small  parts 
were  also  coated  with  typical  Navy  paint  systems. 


3.  0  P  A I  NTI  NG  COSTS  I  DENTI  FI  ED 

3.  1  COST  I  DENTI  FI  CATI  ON  SI  GNI  FI  CANCE 

3.1.1  Before  any  type  of  corrective  cost  saving  measure  can  take 
place,  the  cost  of  each  identifiable  operation  must  be  determined.  Such 
data  will  support  an  evaluation  of  which  areas,  and  in  what  priority,  should 
be  ex  a  mi  ned  further, 

In  the  book,  "Toyota  Production  System",  by  Yasuhiro  Monden,  the  Author 
speaks  of  the  importance  of  improving  manual  operations.  He  discusses  a 
technique  that  categorizes  all  ma  n  u a  I  operations  into  one  of  three  different 
headi  ngs,  The  three  cl  assi  f i  cat i  ons  are: 

Pure  Wa  s  t  e ,  Action  altogether  unnecessary  that  should  be 

eliminated  immediately,  i .  e . ,  waiting  time,  stacking  of  intermediate 
products,  and  "double  transfer". 

Operat  i  ons  wi  t  hout  "value  added".  Operations  that  are  essentially 
wasteful  but  may  be  necessary  under  present  operating  procedures.  These 
include  walking  long  distances  to  pick  up  parts,  unpacking  vendor  parcels, 
shifting  a  tool  fromone  hand  to  the  other,  etc. 

Value-added  operations,  Conversion  or  processing  operations  that 
increase  t-he  value  of  raw  materials  or  semi-finished  products  by  adding 
manual  labor;  i  .  e .  ,  assembly  of  parts,  forging  raw  material  tempering 
gears,  pai  nt  i  ng  bodywor  k,  etc. 

Mr.  Monden  says:  "Net  operations  to  increase  value  added  typically 
constitute  only  a  small  portion  of  total  operations,  the  large  part  of  which 
serve  only  to  increase  costs.  By  raising  the  percentage  of  net  operations 
to  increase  value  added,  labor  required  per  unit  can  be  reduced,  thus 
reducing  the  number  of  workers  at  each  workplace." 
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FIGURE  2-3 


This  type  of  systematic  breakdown  analysis  formed  the  basis  for  the 
cost  identification  process  during  Phase  I.  Once  the  problem  has  been 
identified,  the  resulting  cost  i  n  f  o  r  ma  t  i  on  can  be  used  to  support  corrective 
actions  through  capital  expenditures  or  procedural  changes. 

3.  2  ARS  TOTAL  PAI  NTI  NG  COST  VS.  SHI  P  COST 


During  the  construction  of  ARS- 50,  costs  were  collected  for  all  labor 
and  material  associated  with  surface  preparation  and  painting.  These  costs 
were  compared  with  the  costs  for  the  SWBS  groups  100-700.  The  results 
disclosed  that  7.3%  of  the  ma  n  h  o  u  r  and  ma  t  e  r  i  a  I  cost  of  the  s  hip  could  be 
attributed  toward  surface  preparation  and  painting  as  shown  by  Figure  3-1. 
Contrary  to  assertions  that  suggest  that  painting  related  costs  constitute 
1 5 %  to  3 0 %  of  the  total  ship  cost,  the  painting  cost  data  from  the  A R S -  5 0 
suggests  a  significantly  lower  percentage  for  the  cost  of  painting  a  ship. 

3.3  ARS  PAINTING  AND  CLEANING  LABOR  VS.  OTHER  TRADES 


3,3.1  In  order  to  get  an  idea  of  how  the  Paint  Department  costs 
compared  with  other  trade^ — the  ma  n  h  p  u  r  s  for  ARS-  50  were  totalled  and 
summarized,  As  shown  b  y  |  F  i  q  u  r  e  3-2  j  n  d  as  expected,  Hull,  Piping,  and 

Electrical  ranked  high  in  labor  content.  The  fourth  place  rank  of  the 

painters  and  cleaners  was  somewhat  unexpected,  however.  Their  combined 
total  turned  out  to  be  12.9%  of  the  total  "touch- 1  a b o r ”  manhours  spent  on 

ARS-  50,  suggesting  that  painting  and  cleaning  is,  indeed,  a  labor  intensive 

effort  relative  to  many  other  trades.  . 

3.4  ARS  PAINTING  AND  CLEANING  LABOR  CONSTITUENTS 


3.4.1  Although  it  may  generally  be  felt  that  a  Paint  Department  spends 
most  of  the  t  i  me  painting,  this  conclusion  is  far  f  r  o  m  t  h  e  truth.  There  are 
ma n y  collateral  activities  that  absorb  most  of  the  t  i  me .  Figure  3 -  2 ,  based 
on  data  from  ARS- 5  2  when  91%  complete,  shows  that  the  actual  laying  of  paint 
accounts  for  only  about  15.3%  of  the  total  work  by  the  P.a i  n t  Department.  A 
f  u  r  t  h.e  r  breakdown  of  the  rework  segment  o  f  F  i  g  u  r  e  3-3  s  shown  by  Figure 


3-4.  I A  comparable  determination  on  ARS-  50  as  a  completed  ship  showed  actual 


laying  of  paint  as  about  23%  of  the  total  effort  by  the  Paint  Department. 
Consequently,  since  the  purpose  of  this  Project  was  to  identify  the  true 
cost  of  painting  operations,  it  was  deemed  necessary  that  these  collateral 
duties  be  carefully  identified. 


3.  5  DATA  COLLECTI  ON  AND  ANALYSI  S 


3.5.1  Analysis  of  the  different  collateral  computerized  costs  would  be 
done  on  a  percentage  basis  making  use  of  the  method  espoused  by  Mr.  Mon  den 
and  described  earlier.  The  data  collection  method  involved  gathering  raw 
time  data  on  each  major  operation.  Randomly,  the  operations  were  watched 
and  times  collected.  The  collected  data  was  entered  into  a  computerized 
spreadsheet  program  which  generated  percentages  for  each  collateral 
activity.  After  several  weeks  of  data  collection,  the  operation  percentages 
began  to  stabilize  until  finally  an  acceptable  average  was  established. 

F  i  g  u  r  e  3~ 5  brovides  an  example  of  the  data  analysis  related  to  grinding. 


3.5.2  The  painting  operation  at  PBI  can  be  broken  down  into  two  major 
categories;  painting  in  the  shop,  and  painting  onboard  ship.  Shop  painting 
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REWORK  OPERATION  PERCENTAGES 
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FIGURE  3-5: 


activities  consist  of  spraying  sections,  panels,  and  s  ma  I  I  parts.  Wh e r  e 
possible  the  small  parts  are  coated  with  the  entire  coating  system.  Figure 
3-6  shows  the  percentages  associated  with  the  spraying  of  small  parts. 
Onboard  activities  were  also  examined.  Significant  differences  can  be  seen 
between  painting  in  the  shop  and  painting  onboard  ship.  The  fact  that  the 
collateral  act  iivi  t  i  os — bn-e^ased  for  onboard  painting,  as  shown  by  comparing 

ustrates  that  the  painting  operation  onboard 
the  shop. 


Figure  3-6  end  Figure  3-7, 
ship  is  less  efficient  than  painting 


5.  An  ^nal  y  p  i  s  was  performed  for  each  major  operation.  .Figures 
show  the  breakdown  of  grinding,  taping,  and  untaping 


3-  8 .  Il3 -  9.1  and 


3-  10 


operat i  ons,  respect i  vel  y 


3.6  ARS  MATERIAL  COST  BREAKDOWN  -  PAINTING  VS.  OTHERS 


3.6.1  Since  the  Paint  Department  accounts  for  almost  13%  of  the  total 
labor,  the  question  still  remains  as  to  why  it  contributes  only  7.3%.  of 
the  total  ship  cost.  The  answer  probably  lies  in  the  fact  that  the  cost  of 
the  materials  used  by  the  painters  is  quite  s mal  1  when  compared  to  the  cost 
of  the  materials  used  by  other  trades.  1  Figure  3-11  slhows  the  breakdown  of 
material  costs  for  the  ARS  contract  by  SWBS  grouping.  (Note  that  PBI  uses 
an  independent  design  agent,  consequently  in  this  chart  the  subcontracted 
engineering  services  show  as  purchased  ma t  e r  i  a  I  s  and  e q u  i  p me n t .  ) 


3.6.2  Although  the  material  cost  with  respect  to  the  Paint  Department 
is  fairly  insignificant,  it  Ls  i  nt  pr  est  i  ng  to  see  what  makes  up  this  material 


cost.  As  shown  by  Figure  3-12,  almost  63%  of  the  Paint  Department  material 


cost  resulted  from  c  h  e  purchase  of  paint.  This  situation  was  expected 
because  paint  is  the  only  product  that  the  painters  actually  add  to  the  ship 


3.6,3  The  Paint  Department  material  cost  is  also  quite  small  when 


labor 


Materials  consti 


compared  to  the  Paint  Depart  men t 
the  total  Paint  Department  costs,  as  shown  by  Figure  3-13. 


u  t  e  only  2  6 .  1  %  o  f 


3,6,4  Summarizing  the  findings  above,  it  see  ms  evident  that  Paint 
Department  labor  can  be  a  significant  portion  of  the  total  labor  needed  to 
build  a  ship.  On  the  other  hand,  the  cost  of  materials  used  by  the  Paint 
Department  appears  to  be  almost  negligible  when  compared  to  the  cost  of 
material  used  by  other  trades.  This  also  tends  to  argue  that  the  control  of 
Paint  Department  labor  is  much  more  important  than  spending  a  great  deal  of 
effort  shopping  for  the  cheapest  ma  t  e  r  i  a  I  s . 


4.0  PAINT  DEPARTMENT  COSTS  RELATIVE  TO  P RE- OUTF I TTI  NG 
4. . 1  GENERAL  Dl  SCUSSI  ON 

4.1.1  Based  on  the  preliminary  data  analysis  of  labor  operations  and 

their  respective  percentages  of  the  Paint  Department  manhours,  it  was 
decided  that  the  rework  due  to  the  repair  of  damaged  painted  surfaces  should 

be  analyzed  further.  According  to  data  from  ARS- 50  and  ARS- 51,  the  Paint 
Department  spent  about  16%  of  the- manhours  performing  this  type  of  rework 

activity.  The  majority  of  these  manhours  were  considered  rework  because 

they  involved  the  repair  of  coatings  damaged  by  hot  work.  This  type  of 
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rework  would  not  have  been  encountered  had  the  items  been  installed  prior  to 

blasting  and  applying  the  first  p  r  i  me  r  coat, 

4.1.2  In  a  NSRP  report  authored  by  Mr.  John  Peart  entitled,  "A 

Descriptive  Overview  of  Japanese  Shipbuilding  Surface  Preparation  and  Coating 
Methods",  Mr.  Peart  describes  the  attitude  of  Japanese  shipbuilders  toward 
avoiding  rework.  In  general,  it  is  suggested  that  the  Japanese  feel  so 

strongly  about  avoiding  rework  that  no  effort  will  be  spared  to  avoid  damage, 
material  loss,  and  consequent  time  loss  during  repair  or  replacement  work. 
"The  most  ABSOLUTE  law  in  the  Japanese  manufacturing  system  is  NO  REWORK,  as 
reworking  has  such  a  negative  impact  on  productivity". 

4.1.3  In  another  report  sponsored  by  the  National  Shipbuilding  Research 

P  r  og  r  a  m  ( NS  P  R) ,  the  author  discusses  the  highly  successful  Zone  Painting 

Method  (ZPTM)  used  by  Japanese  shipbuilders.  He  cites  three  prerequisites 
for  the  successful  implementation  of  ZPTM.  The  first  and  third  prerequisites 
deal  with  painting  interval  durations  and  the  use  of  shop  primers,  both  of 
which  are  important.  The  most  important,  however,  with  regard  to  the  point 
being  addressed  here  is  the  second  prerequisite,  "Each  hull  block  should  be 
virtually  finished  in  order  to  minimize  surface  preparation  and  painting 
rework  caused  by  further  cutting,  fitting,  or  welding". 

4.1.4  The  two  statements  cited  above  were  substantiated  and  quantified 
by  this  study.  Hence,  any  doubts  or  uncertainty  concerning  the  value  of 
"zone  outfitting"  techniques  and  the  positive  i  mp a c t  of  this  technology  on 
surface  preparation  and  painting  costs  should  be  allayed  by  the  results  of 
this  study. 

4.  2  REWORK  I  NVESTI  GATED 


4.2.1  The  first  operation  in  the  rework  process  is  grinding.  It  is 
performed  on  all  areas  that  are  burned,  have  rusted,  or  have  weld  splatter 
deposits  on  them.  The  grinding  operation  is  usually  performed  with  a  disk 
grinder,  a  router,  or  a  steel  wire  brush.  Cleaning  is  the  next  operation, 
and  it  involves  wiping  smoke  and  dirt  off  the  surface  prior  to  the 
application  of  paint.  Usually  a  liquid  cleaner  is  used  to  speed  up  the 

operation,  Finally,  the  touchup  operation  is  performed,  consisting  of 
replacing  the  d a ma g e d  coats  of  paint.  The  touchup  operation  is  carried  out 
by  using  a  small  cup  gun,  a  clobber,  a  roller,  or  a  brush,  This  operation  may 
involve  several  coats  of  paint  depending  upon  how  many  coats  were  damaged. 


4.2.2  In  order  to  further  identify  the  causes  of  the  hotwork  that 
required  the  touchup,  a  list  was  generated  containing  the  hotwork  items  most 
responsible  for  the  touchup  rework.  This  information  came  from  discussions 
with  the  painters  who  were  well  acquainted  with  the  c  i  r  c  u  ms  t  a  n  c  e  s  that 
produce  the  rework,  The  list. is  provided  as  Figure  4-1. 


4.2.3  Since  not-all  touchup  is  considered  rework,  a  distinction  had  to 
be  made  between  necessary  touchup  and  unnecessary  touchup.  Necessary  touchup 
is  the  type  of  work  that  cannot  be  performed  before  the  section  or  panel  has 
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FIGURE  4-1 


gone  through  the  blast  and  paint  shop.  As  an  example,  there  is  no 
alternative  to  the  hotwork  caused  by  key  section  joining  welds  which  must  be 
performed  at  the  erection  site.  Unnecessary  touchup  is  the  type  of  work 
that  could  have  been  avoided  if  the  hotwork  had  been  performed  before  the 
section  or  panel  had  gone  through  the  blast  and  paint  shop,  thereby 
eliminating  the  reason  for  additional  grinding  and  touchup.  Clearly,  it 
makes  good  sense  to  accomplish  the  hotwork  before  shop  painting,  so  that 
these  rework  manhours  are  eliminated.  Of  the  entire  amount  of  hotwork 
p  e  r  f  o  r  me  d ,  only  7.2%  is  classified  as  necessary  and  so  must  be  p  e  r  f  o  r  me  d  at 
the  erection  site.  The  remaining  hotwork  is  classified  as  unnecessary, 
which  means  that  if  the  section  or  panel  is  properly  outfitted  at  the 
designated  time,  then  the  hotwork  will  not  generate  additional  Paint 
Department  rework, 

4.  3  REWORK  (TOUCHUP)  DATA  COLLECTI  ON 


4.3.1  Once  the  hotwork  items  were  identified,  a  data  collection  scheme 
was  developed,  consisting  of  gathering  times  for  the  three  operations  in 
question;  grinding,  cleaning,  and  touchup.  Times  were  collected  for  each 
operation  and.  for  each  hotwork  item.  The  collateral  costs  were  also 
identified,  The  resulting  data  were  then  entered  into  a  spreadsheet  analysis 
program,  which  allocated  the  proper  percentages  for  each  major — o-p-e-w-UUo-n— ,a n d 


JjLL 
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the  associated  secondary  operations.  Results  are  shown  by  Figure  4-2 


and 


4.4  REWORK  (TOUCHUP)  ESTIMATING  FORMULA  DEVELOPMENT 


4,4,1  The  rework  data  described  above  were  then  used  to  develop 
estimating  formulas,  Both  simple  averaging  and  regression  analysis 
techniques  were  used.  For  example,  the  touchup  of  small  foundations  less 
than  2"  in  di  a  met  er  could  be  estimated  by  simple  averaging  of  the  data. 
Figure  4-3  s|hows  this  situation.  On  the  other  hand,  touchup  of  pipe 
penetrations  was  found  to  be  directly  related  to  the  number  of  lineal  inches 
of  weld,  and  therefore  regression  analysis  was  needed  to  develop  an 


e  s  1 1  ma  t  i  n  g  f  o  r  mu  I  a .  Figure  4-4 


s  hows  this  f  or  mu  I  a 


4,4,2  A  program  was  then  developed  that  would  handle  the  many  formulas 
and  yield  predicted  painting  costs  relative  to  the  lack  of  pr  e- out  f  i  1 1  i  ng. 
Figure  4-5  [)r  ovi  des  an  example  of  the  program  format.  To  invoke  the  formulas 
into  the  program,  the  user  first  enters  the  total  amount  of  hotwork  for  each 
category,  Then  the  user  enters  partial  hotwork  performed  (if  appropriate). 
Once  this  information  is  entered,  the  program  calculates  the  time  estimates, 
including  the.  time  for  collateral  activities.  Next  the  program  totals 
estimates  for  each  type  of  hotwork  item.  A  grand  total  is  then  calculated, 
and  further  identified  as  to  how  much  is  necessary  rework  and  how  much  is 
unnecessary  rework, 


t  h  e 


4.  5  ESTI  MATI  NG  FORMULAS  APPLI  ED 


4.5.1  several  tests  were  run  using  the  estimating  formula  program.  In 
particular,  a  test  was  performed  on  section  601  for  the  ARS-52.  Upon 
completion  of  blasting  and  painting  of  the  section  in  the  shop,  an 
inventory  of  hotwork  completed  was  taken.  The  hotwork  items  that  had 
already  been  installed  were  compared  with  the  total  hotwork  identified  from 
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■OUTFITTING  PROGRAM 


the  drawings,  Figure  4-6  Id  i  s  p  1  ays  the  results, 
being  handled  properly,  while  others  were  not,  , 


$  e  r  t  a i  n  hot  wo  r  k  i  t  e  ms  were 


4,5,2  In  order  to  gain  so  me  indication  of  the  magnitude  of  the 
problem,  the  program  was  run  for  the  MMR  (Main  Machinery  Room),  The  results 
suggest  that  $12,000  could  be  saved  in  that  area  alone  simply  by  more 
extensive  pre-outfi  tti  ng0  This  s  a  me  analysis  applied  to  the  rest  of  the  ship 
yielded  a  possible  savings  of  nearly  $240,000  per  hull  through  mo  re 
extensive  pre-outfi  tti  ng, 


4,5.3  Although  p  r  e  -  o  u  t  f  i  1 1  i  n  g  technology  was  available  at  the 

beginning  of  the  A R S  contract  at  P B I  ,  the  type  of  quantitative  analysis 

being  described  here  was  not,  Unfortunately,  by  the  time  this  estimating 
capability  became  available  nearly  all  of  the  ARS  sections  had  already  been 
blasted  and  painted,  except  for  the  ARS- 53  Pilot  House,  It  was  therefore 
suggested  that  this  Pilot  House  be  pr e- out f i  t t ed  as  much  as  possible  before 
blasting  and  painting,  By  allowing  more  time  for  this  added  pr  e- out  f  i  1 1  i  ng, 
about  $4,000  in  Paint  Department  touchup  costs  were  saved,  The  Pilot  House 
turned  out  to  be  78%  complete  with  respect  to  pr  e- o  ut  f  i  1 1  i  ng ,  a  significant 

increase  c  o  mp  a  r  e  d  to,  3  0  %  t  o  4  0  %  i  n  other  areas, 


4,5,4  To  support  corrective  measures,  those  hot  work  items  with  the 

greatest  potential  for  cost  avoidance  needed  to  be  identified  so  that  they 

could  be  addressed  first,  A  data  collection  effort,  was  performed  that 
identified  how  much  hot  work  could  be  expected  in  certain  types  of 

compartments,  Once  the  quantities  were  known  for  the  ARS  ships,  paint 

rework  estimates  were  applied,  This  produced  a  list  of  hotwork  items  with 

the  biggest  payback.  This  study  shows  that  if  no  pr e- out f i  t t i  ng  is 

performed,  foundations  will  account  for  the  largest  a  mount  of  Paint 

Department  touchup  and  grinding  rework  hours.  That  is,  if  foundations  are 

installed  before  the  sections  or  panels  go  through  the  blast  and  paint  shop, 
the  Paint  Department  stands  to  s  a  v  e  the  most  mo  n  e  y  from  p  r  e  -  o  u  t  f  i  1 1  i  n  g  in 

hows  the  rest  of  the  hotwork  cost  drivers, 


s  particular  area,  Figure  4-7 


4,6  SUMMARY  OF  REWORK  VS,  P RE- OUTF I TTI  NG 


4.6.1  The  intention  of  this  portion  of  Phase  I  was  not  to  prove  or 

disprove  the  merits  of  pre-outfitting.  The  purpose  was  to-show  that  the 
costs  resulting  from  the  lack  of  pre-outfitting  could,  in  fact,  be 
identified  and  quantified.  Once  such  information  is  available,  this 
potential  problem  area  can  be  investigated.  Most  certainly,  just  because 
savings  may  be  suggested  in  the  Paint  Department,  this  does  not  mean  that 

the  necessary  solutions  to  achieve  those  savings  can  be  implemented 
instantly.  Indeed,  the  costs  of  placing  the  pre-outfitting  technology  in 
operation  ma  y  be  in  s  o  me  areas  mo  r  e  costly  than  the  potential  savings,  The 
purpose  of  Phase  I,  therefore,  was  to  make  known  the  general  magnitude  of 

these  rework  costs  so  that  the  expense  of  implementing  a  pre-outfitting 
effort  might  be  compared  intelligently, 

4.6.2  The  potential  savings  through  rework  elimination  mentioned  above 

are  not  easily  attainable.  In  fact,  a  ma  j  o  r  problem  is  that  savings  can  be 

lost  quite  early  in  the  contract.  By  the  time  they  show  up  as  cost  overruns 
in  the  Paint  Department  planned  hours,  it  may  be  too  late  to  take  corrective 
measures,  If  pre-outfitting  is  to  be  a  part  of  the  shipyard  strategy,  it 

should  be  pro  mo  ted  throughout  the  shipyard  and  carried  out  from  the 
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beginning  of  the  contract  work.  The  need  for  the  earliest  possible 
recognition  of  rework  costs  has  argued  in  favor  of  Phases  II  and  III  of  this 
project,  A  brief  discussion  of  these  follow-on  efforts  is  provided  below. 


5.0  PREPARATIONS  FOR  PHASE  II  -  BID  STAGE  ESTIMATING 

5.  1  DATABASE  UPGRADE 

5.1.1  As  mentioned  in  the  Introduction,  it  became  evident  .as  the 

Project  unfolded  that  far  greater  benefits  could  be  realized  if  the  data 

collection  effort  were  expanded.  By  collecting  more  detailed  data,  we  would 
not  only  identify  mo  re  precisely  the  costs  of  painting  but  could  support 
follow-on  studies  in  the  cost  control  area.  Consequently,  midway  through 
Phase  I  the  Project  was  expanded  to  widen  the  scope  of  the  data  collection 
effort.  The  goal  was  to  put  in  place  a  data  collection  effort  that  would 
suit  Phase  I,  and  also  support  Phase  II  (Bid  Stage  Estimating)  and  Phase 
III  (Earlier  Recognition  of  Cost  Variances). 

5.1.2  Data  related  to  the  Paint  Department  was  available  from  two 
information  systems,  the  shipyard's  Labor  Reporting  System  and  the  Paint 
Department's  job  Reporting  System.  Unfortunately  the  daily  shipyard  system 
was  too  general  and  could  not  be  used  to  address  the  detail  needed  for  shop 
management,  Although  the  shop  syst em  addr essed  most  of  the  detail  needed, 
the  data  was  handled  manually  and  soon  became  too  cumbersome  for  updating 
and  retrieving  i  nf  or  mat  i  on, 

5.1.3  In  view  of  the  above  shortcomings  in  the  existing  data 

collection  systems,  a  new  Labor  Reporting  System  was  developed.  This  new 

system  accepts  far  more  detailed  data  from  the  worker.  Once  these  data  are 
entered  into  the  system,  the  computer  reorganizes  the  data  into  several 
reports  which  provide  the  information  needed  by  shop  management.  The  new 
Labor  Reporting  System  was  initiated  during  the  summer  of  1985.  The  system 
is  now  used  on  every  ship  that  PBI  has  under  construction,  and  is  planned 
for  implementation  on  all  future  contracts.  Included  under  this  new  system 
are  the  MCM  ships  (of  wooden  construction),  which  illustrates  the  flexibility 
of  the  system  and  its  application  on  varying  types  of  contracts. 

.  5.1,4  The  details  of  this  new  Labor  Reporting  System  are  as  follows. 
The  system  consists  of  daily  work  cards,  labor  reporting  books,  and  an 
mi  cr  o- comput  er ,  The  labor  cards  are  filled  out  daily  by  each  worker,  who 
is  responsible  for  providing  all  the  i  nf  yr  mat  i  on  requested  except  for  the 
location  where  the  work  was  performed.  Figure  5-1  shows  a  sample  work 
card.  The  cards  are  turned  in  to  the  I  eadman  who  identifies  the  assembly 

and  compartment  where  the  work  was  performed.  The  leadman  then  enteri  the 
information  fromthe  work  card  into  the  labor  reporting  book.  (Note:  The 
manual  aspect  of  the  labor  reporting  books  is  temporary.  The  original 

intent  of  these  books  -  one  per  ship  -  was  to  help  the  Paint  Department 
personnel  to  familiarize  themselves  with  the  data  collection  process. 
Eventually  the  labor  reporting  books  will  be  discontinued.)  Finally,  the 
information  fromthe  labor  reporting  books  is  ,  entered  into  the  computer  by  a 
data  entry  clerk.  Labor  Status  Reports  are  then  generated  for  use  by  the 
Paint  Department  Supervisor,  These  reports  are  described  below. 
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FIGURE  5-1:  PAINT  DEPT.  WORK  CARD 


5.1.5  Further  improvements  in  the  data  collection  system  are 

anticipated,  Although  the  reporting  system  now  satisfies  the  Phase  11  and 
Phase  III  r  e  q  u  i  r  e  me  n  t  s  for  data,  there  is  room  for  a  u  t  o  ma  t  i  on  in  the  data 
collection  process.  Throughout  1  9  8  6  a  marrying  effort  with  the  mainframe 
labor  collection  system  at  PBI  will  take  place. 

5.2  SHI  P  LABOR  STATUS  REPORTS 

5.2,1  A  commercially  available  statistical  analysis  program  called 
SPSS/PC  (Statistical  Package  for  the  Social  Sciences)  is  the  software  used 
to  generate  the  labor  reports.  A  status  report,  is  generated  for  each  hull, 
and  consists  of  three  sub-reports,  as  follows: 

5.  2.  1.  1  HOURS  USED  BY  OP E RATI  ON 


This  report  breaks  down  all  recorded  hours  into  the  different  operations  and 
s  u ms  up  these  h o u r  s  by  assembly ,  by  c o mp a r  t  me n t ,  and  by  coat  number.  This 
report,  shown  by  |  Fi  gure  5  -  2,  is  useful  in  determining  the  progress  of 
painting  work  in  c  o  mp  a  r  T  me  n  t  s  throughout  the  ship. 


5.  2. 1,  2  REWORK  ENCOUNTERED  BY  SOURCE 


Rework  is  recorded  as  separate  operation  in  the  labor  reporting  books. 
Each  rework  entry  also  includes  remarks  describing  the  source  of  rework, 
such  as  a  pipe  penetration,  ductwork  hanger,  etc.  The  rework  report  breaks 
down  all  the  'rework  hours  by  department  source,  and  sums  them  up  by 
operation,  such  as  grinding  or  touchup.  This  department  report  is  shown  by 


Figure  5-3. 


5.  2.  1.  3  GALLONS  USED  BY  TYPE 


This  report  breaks  down,  by  paint  type 
painting,  for  touchup,  and  for  rework, 
other  ship  rep  o  r  t  s ,  can  be  used  in 


requi  rements.  See  Figure  5-4, 


,  the  gallons  of  paint  used  for 
This  i  nf  or  mat  i  on,  along  wi  t  h  the 
tracking  and  forecasting  paint 


5.  3  SHOP  LABOR  STATUS  REPORTS 


5.3.1  An  additional  report  deals  with  the  blast  and  paint  shop.  It  has 
been  difficult  to  account  for  the  usage  of  ma  n  h  o  u  r  s  in  this  facility,  due 
mostly  to  the  fact  that  the  small  parts  going  through  the  shop  have  great 
variability  associated  with  them.  The  small  parts  may  come  from  any  shop  in 
the  shipyard;  they  can  be  as  s  ma  I  I  as  a  clip  or  as  large  as  an  anchor,  and 
they  ma  y  be  in  any  quantity.  Even  though  the  blasting  and  painting  of  s  ma  I  I 
parts  was  recognized  as  a  difficult  area  to  control,  it  was  deemed  essential 
that  all  areas  be  covered  by  the  data  collection  effort  in  order  to  produce 
a  complete  Paint  Department  database.  A  data  collection  effort  was  therefore 
initiated,  and  a  small  parts  status  report  was  generated  from  the  collected 
data.  Within  the  small  parts  report  there  are  three  sub- reports,  as  follows: 

5. 3. 1.1  1  BLAST  AND  PAINT  SHOP:  HOURS  BY  DEPARTMENT  SOURCE  AND  OPERATION 

CODE, 


This  report  breaks  down  the  manhours  by  the  department  source  of  the  small 


part,  and  by  an  operation  code  \ 
taping,  etc.  This  report  is  shown  by 


F-e-h — he-f-ei'-s — H 


Figure  5-5. 
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FIGURE  5-5:  BLAST  AND  PAINT  SHOP  HOURS  SUMMARY  BY  DEPT.  SOURCE  (PARTIAL) 


5.  3.  1.  2  MANHOURS  BY  CONTRACT  AND  HULL 


This  second  sub-report,  shown  by  Figure  5:6,  is  s 
that  it  is  broken  down  by  oper  at  i  on.  Ttre  sort 
rather  than  by  d e p a r  t  me n t  source. 


i I  ar  to  the  first  one  in 
however ,  is  by  contract 


5.  3.  1.  3  P  A I  NT  FACI  LI  TY  PAI  NT  TYPES 


The  last  sub-report,  shown  by[  F  i  qur  e  5-7,  Icovers  the  types  of  paint  being 
used  by  the  facility.  It  is  a  fallout  of  the  information  generated  for  the 
first  two  sub- reports.  It  has  been  added  to  the  overall  small  parts  status 
report  because  of  its  usefulness  in  keeping  track  of  the  paint  expended. 


5.4  EXAMINATION  OF  COMPARTMENT  COMPLEXITY 


5.4.1  In  planning  for  the  Phase  II  Bid  Stage  Estimating  portion  of  the 
Project  (to  take  place  during  1986  as  a  FY-85  effort),  it  was  recognized 

that  the  detailed  estimating  capability  being  pursued  would  require 
additional  information  dealing  with  the  complexity  of  the  s  hi  p- compart  ment . 
Because  of  the  varying  degrees  of  complexity  in  ship  compartments  the  ability 

to  estimate  certain  Paint  Depart  ment  activities  has  been  Weak,  due 

principally  to  the  numerous  independent  variables  that  are  present.  These 
independent  variables  are  any  factors  that  influence  the  t  i  me  (the  dependent 
variable)  that  it  takes  to  paint  a  compartment.  Simple  averaging  and  linear 
regression  analysis  can  no  longer  provide  reliable  e s  t  i  ma t  e s .  The  e s  t  i  ma t  i  n g 
process  must  take  one  step  further  and  begin  to  use  multiple  regression 

analysis, 


5.4.2  Discussions  have  been  held  with  several  experts  about  the  use 
of  multiple  regression  analysis  as  an  estimating  tool.  Dr.  Robert  J.  Graves 
of  the  University  of  Massachusetts  at  Amherst,  Dr.  Leon  F.  McGinnis  of  the 
Georgia  Institute  of  Technology,  Dr.  Kenneth  Kundert  of  the  University  of 
Wisconsin  at  PI  attevi  I  I  e,  and  Mr.  Rodney  A.  Robinson  of  Robi  nson-  page- 
McDonough  and  Associates,  Inc.  have  all  agreed  that  because  of  the 
significant  amount  of  outside  influences  on  painting  operations  the  best 
estimates  will  probably  be  derived  by  this  method.  This  type  of  analysis  is 
not  new  to  the  shipyard  environment.  In  fact,  during  a  1982  Scheduling 
Standards  Pilot  Project  at  PBI  under  the  NSRP,  Mr.  Robinson  and  Dr.  Graves 
concluded  that,  "Scheduling  Standards  accurately  predict  the  manhours 
required  to  fabricate  individual  piping  a  s  s  e  mb  I  i  e  s " .  The  report  on  this 
pilot  project  goes  on  to  say  that  this  type  of  analysis  greatly  reduces  the 
effort  required  of  shipyard  personnel  in  developing  shipbuilding  standards 
over  the  more  traditional  procedures  (MTM,  MOST,  etc.). 


5.4.3  Although  the 
'nary  wor  k  during 


maj  o  r  i  t  y 
Phase  I 


of 

has 


the  analyses  are  planned  for  Phase  11, 
already  identified  several  influential 


F  i  g  u  r  e 
this 


5-8 


pr  e I  i  mi 

factors.  These  factors  are  listed  in 
effort  to  support  further  treat ment  of  i n i  s  area 
compartments  onboard  ship  with  respect  to  several  i 
variables,  Three  ships  are  being  rated  at  the  present 

and  MCM-1.  The  process  is  being  carried  out  once  each 
shows  a  sample  data  collection  form.  During  Phase  II,  the 
ratings  and  the  recorded  manhours  will  be  entered  into  a  multiple  regression 
program  leading  to  devel  opment  of  appropriate  e  s  t  i  ma  t  i  n  g  equations.  The 
program  will  accomplish  this  task  by  deleting  the  non- i  nf  I  uent  i  al  variables 


The  data  collection 
consists  of  rating  the 
dent  i  f  i  ed  influential 
t  i  me ;  A R S -  52,  ARS-53, 
mont  h.  fTi  gur  e  5-9 
c  omp  l  ex  i  t  y 
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PAINT  DEPARTMENT  -  SMALL  PARTS 
BROKEN  DOWN  BY  CONTRACT  &  HULL 
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MCM 


PAINT  DEPARTMENT  -  SMALL  PARTS 
BROKEN  DOWN  PAINT  TYPE 


PAINT 

TYPE 

PAINT 

GALLONS 

REWORK 

GALLONS 

500604 

2.00 

1.50 

500605 

.25 

.25 

500607 

1.00 

• 

800593 

.50 

• 

84 

1.00 

0 

ANTISWET 

6.00 

m 

ASPHVAR 

19.86 

* 

Fill 

34.83 

3.25 

PASTBLU 

.50 

.50 

PASTSRN 

4.58 

2.37 

PBIBLUE 

1.50 

- 

SAFTRED 

2.00 

ft 

SAFTYEL 

1.50 

ft 

SAFTYRED 

10.73 

• 

SAFYTRED 

1.00 

• 

TTE490 

85.35 

16.24 

VINEXGY 

1.50 

- 

XX 

•  74 

.  50 

977.09 

123.15 

477 

1.00 

- 

1.00 

- 

120 

.50 

- 

124 

219.05 

12.12 

125 

.50 

i 

150 

427.55  . 

17.24 

151 

44.74 

.50 

FIGURE  5-7 


BLAST  AND  PAINT  SHOP  GALLON  USAGE  SUMMARY  (PARTIAL) 


INFLUENTIAL-  COMPARTMENT  COMPLEXITY  FACTORS 


sg*lj*2u=*e:  feet 

ACCESS  IBII —  I  TY 
L-OC^T  X  ON  C  OH  I  F>  L-E=I  VEEI —  > 

NUMBER  OF  F>^  I  NT  TYPES 
NUMBER  OF  INSULATED  BULKHEADS 
NUMBER  OF  PAINTED  BULKHEADS 
AMOUNT  OF  HANGERS ,  FOUNDATIONS,  BRACKETS 

AMOUNT-  OF  W  I  Ft  I  NO 
AMOUNT  OF  PIPINB 
AMOUNT  OF  ELECTRICAL  PANELS 
AMOUNT  OF  MACHINERY  AND  EQUIPMENT 
AMOUNT  OF  FURNITURE 


FIGURE  5-8 


PB I -PA I NT  DEPT. 


COMPARTMENT  COMPLEXITY  RATING  SYSTEM 


ACCESSIBILITY; 


LOCATION; 


AMOUNT  OF/ROOM  SIZE; 


1— EXCELLENT  2=G00D  3= ABOVE  AVG. 

4=AVG.  5=BEL0W  AVG.  6=P00R  7=VERY  POOR 
1=MAIN  DECK  2=01  LEVEL , PLATFORM  3=02  LEVEL, HOLD 
4=02  LEVEL, DOUBLE  BOTTOM  5=03  LEVEL  6=04  LEVEL 
1=N0NE  2=FEW  3=BEL0W  AVG.  4=AVG. 

5=ABPVE  AVG.  6=MANY  7=EXCESSIVE 


SECTION; 


COMPARTMENT; 


/-cS  ~0-S 


TYPE:  ns 


DATE 


ACCESS 


LOC  ! NO  OF! NO  OF! NO  OF ! HNGRS ! WIRES 
! PNT  ! INSUL ! PNT ' D ! FONDS ! 

! TYPES ! WALLS ! WALLS ! BRKTS ! 


PIP #G! ELEC  ! MACH  » FURN 
!PNLS  ! EQUIP! 


Jo-  Z. ! _ €- 

Zz/IL '  _  JL 

7 Zr(p_  ! S_ 


SECTION;  COMPARTMENT:  /-//-/-*?  TYPE:  */< 


DATE 


ACCESS 


LOC  ! NO  OF! NO  OF! NO  OF ! HNGRS ! WIRES 
! PNT  ! I NSUL ! PNT ' D ! FONDS ! 

! TYPES ! WALLS ! WALLS i BRKTS ! 


PIP 'G! ELEC  ! MACH  ! FURN 
! PNLS  {EQUIP! 


SECTION:  Jot. 


COMPARTMENT:  _  TYPE:  ?5 


DATE 


J&lL 

II -H 


IZrJf- 


ACCESS! LOC  !N0  OF! NO  OF! NO  OF ! HNGRS ! WIRES 
1  ! PNT  ! INSUL ! PNT ' D ! FONDS ! 

i  ! TYPES ! WALLS ! WALLS ! BRKTS ! 


PIP 'G ! ELEC  ! MACH  !FURN 
! PNLS  ! EQUIP! 


/  ! 

!  3 

2 

/  ! 

!  3 

2 

Z  ! 

1 

1 

1 

2 

1 

l  1  ,BI  1  1  1 

2 

z 

2 

2 

3 

FIGURE  5-9:  COMPARTMENT  COMPLEXITY  RATING  DATA  SHEET 


and  keeping  the  influential  variables.  A  simple  equation  with  possibly  three 
or  four  independent  variables  will  then  be  used  to  estimate  the  dependent 
variable,  Figure  5-10  is  provided  to  illustrate  an  example  of  multiple 
r  e  g  r  e  s  s i  on  a  n  a  I  y  s i  s  lead i  n  g  to  an  e  s  t  i  ma  t  i  n  g  equation. 


6.0  SUPPORT  OF  PHASE  III  -  EARLIER  RECOGNITION  OF  VARIANCES 

6.1  The  database  developed  for  Phase  I  and  expanded  to  suit  Phase  II 
contains  a  feedback  system  well  suited  to  the  control  of  cost  variances-by 
shop  management.  Upper  and  lower  control  limits  for  the  several  Paint 
Department  operations  will  accompany  the  basic  estimates  of  cost.  Whenever 
the  predetermined  control  limits  are  violated,  shop  management  will  receive 
immediate  notification  of  the  excursion,  and  will  be  able  to  apply  corrective 
measures  promptly.  Much  effort  remains  to  mold  this  system  into  a  truly 
practical  and  efficient  tool  for  use  by  shop  ma n a g e me n t ,  but  the  prospects 
for  success  are  hi  gh, 


7.  0  SUMMARY 

7.1  At  this  point  in  the  Project  it  is  evident  that  "painting"  in  the 

shipyard  is  far  more  involved  than  was  first  anticipated,  and  not  a  simple 
task,  The  hours  that  are  c  o  n  s  u  me  d  in  surface  preparation  far  exceed  the. 
t  i  me  required  to  lay  on  the  paint.  Clearly;  the  collateral  costs  associated 
with  the  painting  operation,  and  identified  in  this  report  in  Phase  I, 
cannot  be  ignored  and  MUST  be  factored  into  the  estimate,  or  else  the 
reliability  of  the  estimate  will  suffer  badly.  In  the  present  competitive 
atmosphere  when  fixed  price  contracts  are  becoming  the  rule  rather  than  the 

exception,  the  attainment  of  reliable  estimates  cannot  be  treated  lightly  if 

the  shipyard  is  to  survive  in  the  market  place. 

7.2  One  bright  aspect  of  the  detailed  study  on  how  much  the  lack  of 

pr  e- o  ut  f  i  1 1  i  ng  can  actually  cost  is  the  finding  that  the  Paint  Department 

can  be  of  t  r  e  me  n  d  o  u  s  help  in  identifying  problem  areas.  Since  the  paint 

Department  is  usually  the  last  one  in  an  area  before  it  is  closed  out,  they 
can  provide  an  excellent  check  on  whether  the  other  trades  were  able  to 
comp  I  et  e  their  work  as  scheduled. 
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MULTIPLE  REGRESSION  ANALYSIS 


EXAMPLE: 

ACTIVITY  -  PAINTING  DEPENDENT  VARIABLE  -  HOURS 


NITIAL  VARIABLES 


SQUGRE  FEET 
ACCESSI  Bl  LI TY 

HANGERS,  FOUNDATIONS,  BRACKETS 
DUCTWORK  AND  PIPING 
ELECTRICAL  PANELS 
FURNI  TURE 


AFTER  SPSS  REGRESSION  ANALYSIS 
POSSI  BLE  VARI  ABLES 


SQFT 

ACCESSI  Bl  LI  TY 


REGRESSI  ON  EQUATI  ON 


HOURS  =  1.  3  5 (  SQFT)  +  .  I  I  (  ACCESSI  Bl  LTY)  + 

2  4 ( MACHI  NE  RY  AND  EQUIPMENT)  +  .  0 9 ( F URNI TURE )  +  .20 


MACHINERY  AND  EQUIPMENT 
FURNI  TURE 


COMPARTMENT  LOCATI  ON 
NLIMBER  PAINTED  BULKHEADS 
NUMBER  INSULATED  BULKHEADS 
MACHINERY  AND  EQUIPMENT 
Wl  RES 


FI  GURE  5-  10 


APPENDI  X  A 
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13 


Bl  BLI  OGRAPHY 


Monden,  Yasuhiro,  "Toyota  Production  System",  Nor  cross,  GA,  Institute  of 
I  ndust  rial  Engi  neer  s,  1983 

U.S.  Department  of  Transportation,  Maritime  Administration,  "A  Descriptive 
Overview  of  Japanese  Shipbuilding  Surface  Preparation  and  Coating 
Methods",  New  Orleans,  LA,  Avondale  Shipyards,  Inc.  1982. 

U.S.  'Department  of  Transportation,  Maritime  Administration,  "Scheduling 
Standards  Pilot  Project  Summary  Report",  Bath  Iron  Works 
Corporat i  on,  1982, 

U.S.  Department  of  Transportation,  Maritime  Administration,  "Zone  Painting 
Method  (ZPTM)",  Avondale  Shipyards,  Inc.,  1  9  8  3  . 

Walpole,  Ronald  E.  ,  and  Meyers,  Raymond  H.  ,  "Probability  and  Statistics  for 
Engineers  and  Scientists",  2nd  Ed.,  New  York,  NY,  Macmillan 
Publishing  Company,  i  nc . ,  1972 


14 


